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INTRODUCTION 

The  temperature  and  moisture  content  of  wheat  to  a  large  extent 
govern  its  keeping  quality  while  in  bulk  storage  in  bins.  It  is  the 
general  belief,  sustained  by  the  investigations  reported  herein,  that 
low  temperatures  retard  while  high  temperatures  accelerate  deterior- 
ation .  Molding  and  heating  of  wheat  having  a  moisture  content  above 
the  safe  limit  for  storage  are  likely  to  proceed  rapidly  in  warm  weather, 
but  take  place  slowly,  if  at  all,  in  cool  weather.  Likewise,  the  allow- 
able moisture  content  of  wheat  for  safe  storage  depends  in  part  upon 
the  temperature  to  which  the  wheat  will  be  exposed.  These  moisture- 
temperature  relations  are  not  yet  definitely  determined  for  bulk 
storage. 

Climate  and  weather  are  the  principal  factors  affecting  the  tem- 
perature of  stored  wheat  that  is  of  normal  moisture  content  and  is 
free  from  insect  infestation.  The  storage  structure  is  the  principal 
means  by  which  the  effects  of  climate  and  weather  may  be  modified. 

An  investigation  of  grain  storage  on  farms,  conducted  under  author- 
ization of  the  Secretary  of  Agriculture  with  funds  provided  under 
the  Bankhead- Jones  Act,  included  a  detailed  study  of  the  temperature 
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of  wheat  placed  in  various  types  and  sizes  of  structures  at  Fargo, 
N.  Dak.;  Hays,  Kans.;  Urbana,  111.;  and  College  Park,  Md.  This 
work  was  in  cooperation  with  the  State  agricultural  experiment  sta- 
tions.1 Fargo  is  in  the  hard  red  spring  wheat  area,  Hays  in  the  hard 
red  winter  wheat  area,  and  Urbana  and  College  Park  in  the  soft  red 
winter  wheat  area.  The  purposes  of  this  circular  are:  (1)  To  present 
for  each  area  the  records  of  actual  temperatures  found  in  bins  of 
different  sizes  and  types  containing  wheat  of  different  moisture  con- 
tents ;  and  (2)  to  point  out  how  and  to  what  extent  wheat  temperatures 
in  a  given  area  may  be  modified  by  the  type  of  storage  structure  used. 

MATERIALS  AND  METHODS 

Grain  storage  bins  of  several  types,  ranging  in  size  from  20-  to 
1,000-bushel  capacity,  located  at  the  four  experiment  stations  named, 
were  filled  with  wheat  ranging  in  moisture  content  from  10  to  18 
percent.  Temperatures  of  the  stored  wheat  were  obtained  by  means 
of  5  to  19  thermocouples  placed  in  representative  locations  in  each 
bin  and  read  by  means  of  a  potentiometer  at  regular  intervals,  the 
frequency  of  the  observations  varying  from  several  times  per  day  to 
once  every  4  months,  depending  on  the  season  of  the  year  and  con- 
dition of  the  wheat.  Determination  of  wheat  moisture  content  and 
other  characteristics  were  made  on  samples  drawn  once  a  week  in  the 
summer  and  once  every  2  to  4  months  in  the  winter  from  locations 
immediately  adjacent  to  the  thermocouples,  so  that  the  rate  of  de- 
terioration of  the  wheat  under  various  conditions  of  temperature 
and  moisture  could  be  measured.  The  moisture  tests  were  made  in 
the  field  by  representatives  of  the  Bureau  of  Agricultural  Chemistry 
and  Engineering,  grade  determinations  were  made  at  the  field  offices  of 
the  Agricultural  Marketing  Service,  and  the  fat  acidity  and  germina- 
tion determinations  were  made  in  the  Washington  laboratories  of  the 
Agricultural  Marketing  Service  and  the  Bureau  of  Plant  Industry, 
respectively.2 

Usual  Field  Set-Up 

The  general  nature  and  extent  of  the  field  set-up  are  indicated  by  a 
brief  description  of  the  operations  at  Fargo  in  1937  in  the  following 
paragraphs.  The  arrangement  of  the  Fargo  bins  and  the  number  of 
bins  under  observation  from  1937  to  1939  are  shown  in  figure  1. 

Four  round  metal  1,000-bushel  bins,  14  feet  in  diameter  and  8  feet 
high,  and  two  1,000-bushel  wood  bins,  12  by  14  by  8  feet  high,  were 
divided  in  the  center  with  corrugated  metal  partitions  on  the  north- 
south  axis.  This  in  effect  provided  12  bins,  each  of  500-bushel 
capacity,  eight  (F-l  to  F-8)  being  of  metal  and  four  (F-9  to  F-12) 
of  wood  construction.  Six  of  the  twelve  bins  (F-5,  F-6,  F— 7,  F-8, 
F-9,  and  F-ll)  were  ventilated  by  various  methods.  Bins  F-5  and 
F-6,  of  metal  with  perforated  walls  and  sides,  were  equipped  with 
central  perforated  drums  to  which  air  was  supplied  under  slight 
pressure.     In  F-6,  a  pressure  cowl,  and  in  F-5,  a  16-inch  propellor 

1  The  State  Mill  and  Elevator  of  North  Dakota  loaned  wheat  for  experimental  use  in  1937. 

:  M.  A.  R.  Kelley,  agricultural  engineer,  and  B.  M.  Stahl,  associate  agricultural  engineer,  represented  the 
Bureau  of  Agricultural  Chemistry  and  Engineering  at  College  Park,  Md.:  Thayer  Cleaver,  assistant  agri- 
cultural engineer,  at  Urbana.  111.;  A.  D.  Edgar,  associate  agricultural  engineer,  and  W.  R.  Swanson,  junior 
agricultural  engineer,  at  Hays,  Kans.;  and  M.  G.  Cropsey,  junior  agricultural  engineer,  and  C.  F.  Kelly, 
associate  agricultural  engineer,  at  Fargo,  N.  Dak. 
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fan,  supplied  the  ventilating  air.  Bins  F-7,  F-9,  and  F-ll  were 
ventilated  with  horizontal  flues  covered  with  wire  cloth  and  extending 
through  the  bins,  and  F-8  had  a  perforated  bottom  with  baffles  on  the 
east  and  south  sides  to  direct  north  and  west  winds  upward  through 
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Figure  1.— Lay-out  of  bins  at  Fargo:  A,  1937;  B,  1938;  C,  1939. 

the  wheat.  These  ventilated  bins  are  described  in  detail  in  Circular 
544,  Methods  of  Ventilating  Wheat  in  Farm  Storages.  Three  bins, 
F-l,  F-10,  and  F-12,  were  filled  with  wheat  of  14.5  percent  moisture 
content,  all  from  the  same  lot,  to  determine  the  effect  of  the  kind  of 
material   used   in   construction   on   the  keeping   qualities   of  wheat. 
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Bin  F-l  was  the  east  half  of  a  metal  bin,  having  a  metal  roof  and  a 
metal  floor  laid  over  2-inch  planks  set  close  together.  Bins  F-10 
and  F-12  were  the  east  halves  of  wooden  bins,  identical  except  that 
F-10  had  only  single  thickness  wood  walls,  while  the  walls  of  F-12 
were  lined  on  the  inside  of  the  studs  with  1-  by  6-inch  tongue-and- 
groove  boards.  The  floor  of  each  half  of  the  structure  measured  7 
by  12  feet  to  the  outside  of  studs  in  both  bins.  Roofs  and  floors  of 
these  bins  were  also  similar,  the  floors  being  of  1-  by  6-inch  tongue- 
and-groove  boards  and  the  roofs  of  green-colored  four-ply  roll  roofing 
over  1-  by  8-inch  unmatched  boards. 

Bins  F-l,  F-2,  F— 3,  and  F-4  were  arranged  as  a  series  to  determine 
the  maximum  moisture  content  safe  for  long-time  storage  in  metal 
bins,  wheats  of  moisture  contents  ranging  from  14.2  to  15.0  percent 
being  used.  Bin  F-l  was  described  above.  F-2  was  the  west 
half  of  the  same  structure,  identical  except  for  the  floor,  which  was  of 
concrete.  Bins  F-3  and  F-4  were  the  east  and  west  halves,  res- 
pectively, of  another  1,000-bushel  round  metal  bin.  The  roof  was  of 
metal,  conical  in  shape,  and  the  floors  were  of  1-  by  4-inch  fir  flooring 
over  2-inch  planks  set  tight  together. 

The  experimental  set-up  also  included  ten  20-bushel  metal  bins, 
five  of  which  were  heavily  insulated.  Plain  and  insulated  20-bushel 
bins  were  paired  and  filled  with  the  various  wheats  used  in  the  large 
bins.  In  this  way  a  rough  check  on  the  results  in  the  large  bins  was 
obtained  at  minimum  cost,  though  in  some  respects  the  reaction  of 
wheat  in  the  20-bushel  lots  was  quite  different  from  that  in  larger 
bulks.  The  plain  metal  bins  (F-28,  F-30,  F-3 2,  F-34,  and  F-36) 
were  round,  40  inches  in  diameter,  and  36  inches  high.  All  had  metal 
floors  and  conical  metal  roofs.  The  other  five  were  insulated  metal 
bins  (F-29,  F-31,  F-33,  F-35,  and  F-37)  made  of  two  cylindrical  shells, 
the  inside  shell  being  the  same  size  as  the  uninsulated  bins,  and  the 
outside  shell  6  inches  greater  in  diameter  and  3  inches  higher.  The 
3-inch  space  between  the  shells  was  filled  with  granulated  rock  wool. 
The  roofs  of  the  insulated  bins  were  of  two  layers  of  1-inch  board-type 
insulation  spaced  several  inches  apart,  and  were  almost  flat.  These 
20-bushel  bins  were  arranged  in  a  series  to  test  the  effect  of  moisture 
content,  wall  insulation,  shading  from  the  sun,  and  other  factors  upon 
the  temperatures  and  the  rate  of  deterioration  of  the  stored  wheat. 

Variations  in  Field  Set-Up 

A  somewhat  similar  general  lay-out  of  bins  was  used  at  the  other 
stations  in  all  years  although  the  details  varied  considerably.  Some 
of  the  important  variations  follow : 

At  Hays,  a  series  of  tests  was  begun  in  1937  to  study  the  character- 
istics of  underground  bins.  Tests  included  two  such  bins  of  1,000- 
bushel  capacity,  one  of  approximately  100-bushel  capacity  and  five 
of  20-bushel  capacity.  One  of  the  1,000-bushel  bins  was  provided 
with  wind-pressure  ventilation  in  1939. 

At  Urbana,  bins  of  about  300-bushel  capacity  were  mounted  on 
flanged  wheels  on  a  steel  track  and  could  be  moved  over  a  scale  for 
weighing.  No  other  large  bins  were  used.  The  1938  series  of  small 
bins  included  three  placed  underground. 

At  College  Park,  in  1937,  two  500-bushel  bins,  each  divided  into 
east  and  west  halves,  were  protected  from  the  sun  by  a  sheet-metal 
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canopy  to  simulate  the  shading  that  is  provided  when  a  bin  is  located 
inside  a  barn. 

In  1937  at  Hays,  and  in  1938  at  both  Hays  and  Fargo,  certain  bins 
were  ventilated  with  silo  blowers  and  other  heavy-duty  fans. 
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Figure  2.— Lay-out  of  bins  at  Hays:  A,  1936;  B,  1937;  C,  1938;  D,  1939. 

Figures  2,  3,  and  4  show  the  bin  layouts  at  Hays,  Urbana,  and 
College  Park;  and  tables  3,  4,  9,  10,  18,  19,  26,  and  27  in  the  appendix 
give  the  data  on  bin  size  and  type  and  on  wheat  characteristics. 
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Filling  Bins  and  Observations  Recorded 

Wheat  for  filling  the  bins  was  obtained  in  two  ways.  When  wheat 
of  naturally  high  moisture  content  was  available  in  the  locality,  as  at 
Hays  in  1936  and  at  Fargo  in  1938,  it  was  trucked  directly  from  the 
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Figure  3.— Lay-out  of  bins  at  Urbana:  A,  1936;  B,  1937;  and  C,  1938. 

combine  to  the  bin.  When,  due  to  dry  weather,  it  was  not  possible 
to  obtain  local  wheat  of  the  desired  moisture  contents,  suitable  wheat 
was  obtained  elsewhere  and  shipped  in. 

Except   at   College   Park,   where   wheat   was   emptied    from  sacks 
directly  into  the  bins,  2  to  12  bins  were  filled  simultaneously  through 
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a  power  elevator  (fig.  5)  with  a  divider  head,  so  that  each  of  the  bins 
in  a  series  contained  similar  wheat. 

There  was  little  variation  in  moisture  content  and  other  character- 
istics of  wheat  in  the  various  parts  of  a  bin  containing  shipped-in 
wheat,  since  this  wheat  had  been  mixed  in  handling.     On  the  other 
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Figure  4.— Lay-out  of  bins  at  College  Park:  A,  1936;  B,  1937;  C,  1938. 

hand,  bins  filled  with  local  wheat  showed  considerable  variation  in 
moisture  content  and  other  characteristics  of  the  wheat  in  the  various 
layers  corresponding  to  different  loads  of  wheat  delivered  from  the 
field. 

In  general,  wheat  in  the  experimental  bins  was  kept  under  observa- 
tion as  long  as  it  remained  in  good  condition.  It  was  necessary  to 
move  and  cool  the  wheat  in  several  of  the  large  bins  to  avoid  rapid 
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heating  and  spoilage,  but  wheat  in  the  20-bushel  bins  was  usually 
not  disturbed  during  the  storage  period. 

The  year  that  the  wheat  was  stored  is  indicated  by  symbols  hi 
figures  1,  2,  3,  and  4.  The  wheat  in  bin  H-8  in  1938  aiuf  1939  was 
previously  stored  in  bin  H-5  in  1936  and  1937.  In  most  cases  bins 
containing  wheat  that  went  out  of  condition  in  1936  and  1937  were 
refilled  the  next  year.  As  stated  before,  the  type  of  bin,  number  of 
bushels  stored,  depth  of  wheat,  date  filled,  grade-factor  data,  percent 
germination,  and  initial  temperature  at  the  bin  center  and  6  inches 
from  the  north  and  south  walls  are  shown  in  tables  in  the  Appendix. 
The  average  monthly  wheat  temperatures  6  inches  from  the  north 
and  south  walls  and  at  the  bin  centers  for  the  period  of  storage  are 


Figure  5. — General  view  of  large  bins  at  Fargo,  in   1937,  showing  elevator  and 
arrangement  for  dividing  wheat  among  several  bins. 

also  given  in  the  Appendix.     The  Appendix  tables  likewise  contain 
information  about  moving,  cooling,  emptying,  etc. 

EFFECT  OF  ATMOSPHERIC  CONDITIONS  ON  WHEAT 

TEMPERATURES 

Daily  Variations  in  Wheat  Temperature 

Wheat,  if  dry  enough  so  that  the  heat  developed  by  kernel  respira- 
tion is  very  slight,  acts  as  any  inert  substance  when  subjected  to  heat 
from  an  outside  source,  such  as  the  sun  or  the  air,  and  gives  up  or  absorbs 
heat  at  a  rate  depending  on  the  temperature  differences.  However, 
because  wheat  acts  as  an  insulating  material,  the  thermal  conductivity 
of  dry  wheat  being  about  0.90  British  thermal  units  per  hour  per 
square  foot  per  degree  Fahrenheit  per  inch  of  thickness,  the  tem- 
perature changes  within  a  mass  of  wheat,  over  short  periods  of  time, 
are  very  much  less  than  the  temperature  changes  of  the  air  or  of  the 
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bin  wall,  and  the  amount  of  the  wheat  temperature  variations  is 
directly  dependent  on  the  distance  of  the  grain  from  the  bin  wall. 

To  illustrate  this,  the  east  half  of  a  1,000-bushel  round  metal  bin 
(F-3)  at  Fargo,  was  filled  on  August  18,  1939,  to  a  depth  of  7  feet 
with  hard  red  spring  wheat:  Moisture  content,  10.8  percent;  test 
weight,  58.7  pounds  per  bushel;  and  germination,  90.5  percent. 
Thermocouples  were  installed  on  the  north,  east,  and  south  sides  on 
bin  diameter  lines  4  feet  above  the  bin  floor,  at  points  directly  inside 
the  bin  walls  and  at  distances  of  1,  3,  6,  12,  24,  and  36  inches  from  the 
walls.  A  string  of  thermocouples  spaced  similarly,  was  installed  on  a 
vertical  line  through  the  center  of  the  bin.  Beginning  at  6  a.  m. 
August  29,  1939,  and  ending  6  a.  m.,  August  30,  1939,  temperature 
readings  were  taken  at  1-hour  intervals  during  the  day  and  2-hour 
intervals  during  the  night.  The  results  of  these  observations,  along 
with  the  hourly  air  temperatures,  are  shown  in  figure  6.  Because  the 
temperature  variations  at  distances  over  6  inches  from  the  walls,  floor  or 
upper  wheat  surfaces  were  so  small,  they  were  not  shown  in  the  graphs. 

The  sun  was  bright  until  about  11  a.  m.  At  that  time  it  became 
slightly  overcast,  although  shadows  were  still  sharp.  After  2  p.  m. 
there  were  frequent  cloudy  periods.  The  United  States  Weather 
Bureau  Station  at  Moorehead,  Minn.,  2  miles  east  of  the  bin  location, 
found  that  the  total  amount  of  sunshine  was  9.4  hours.  Sunrise 
August  29  was  at  5:43  a.  m.;  sunset  at  7:13  p.  m. 

At  the  time  the  temperatures  represented  in  figure  6  were  taken  the 
wheat  had  been  in  storage  11  days,  and  the  average  temperature  of  the 
grain  24  inches  from  the  south  side  of  the  bin  was  about  7°  F.  higher 
than  at  a  similar  distance  from  the  north  side.  However,  although 
the  temperature  levels  were  different,  the  temperature  during  the  day 
at  all  the  points  24  inches  and  12  inches  from  the  walls  showed  little 
or  no  change,  and,  as  shown  in  figure  6,  at  the  6-inch  distance,  the 
change  was  only  a  few  degrees  in  each  case.  At  the  3-inch  distance 
the  variation  during  the  day  became  greater,  and  the  effect  of  radia- 
tion from  the  sun  can  be  clearly  noted.  The  wheat  at  this  distance 
from  the  wall  on  the  north  and  east  sides  increased  in  temperature 
9°,  and  on  the  south  side  11°  over  the  6-a.  m.  temperatures.  The 
variation  at  a  distance  1  inch  from  the  wall  was  even  greater,  the 
total  temperature  increase  at  these  points  over  the  6-a.  m.  temperature 
for  the  east,  north,  and  south  walls  being  12°,  14°,  and  21°,  respec- 
tively. The  variations  just  inside  the  metal  wall  were,  of  course,  still 
greater. 

A  comparison  of  the  bin  wall-surface  temperatures  with  the  average 
hourly  air  temperature  shows  that  on  the  north  side  of  the  bin  the 
wall  temperature  was  at  all  times  below  the  air  temperature,  but 
that  on  the  east  side  the  wall  surface  and  the  wheat  1  inch  from  the 
wall  increased  in  temperature  faster  than  the  air  temperature  in  the 
morning  and  in  the  afternoon  cooled  slower  than  the  air.  At  the  south 
wall,  exposed  to  the  sun  for  a  greater  length  of  time,  all  wheat  within 
3  inches  of  the  wall  reached  a  temperature  well  above  that  of  the  air, 
and  the  surface  temperature  increased  to  113°  F.,  or  25°  above  the 
highest  air  temperature. 

The  bin  was  supported  2  feet  above  the  ground  on  concrete  piers  so 
that  air  could  circulate  freely  under  the  floor.  The  floor  itself  was 
of  1-  by  4-inch  fir  flooring  laid  over  2-  by  10-inch  planks  placed  flat 

251849°— 41- 2 
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and  set  as  close  together  as  possible.  The  bin  was  covered  with  a 
regular  commercial  galvanized-sheet-steel  conical  roof  fitted  with  the 
usual  vent  cap.  The  temperature  of  the  grain  in  the  center  of  the 
bin  near  the  floor  changed  only  slightly  during  the  day.  as  shown  by 
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Figuke  6. — Temperature  of  wheat  at  surfaces  and  at  distances  of  1,  3,  and  6 
iDches  from  the  north,  east,  and  south  oralis  and  from  the  upper  wheat  surface 
and  bin  floor  in  bin  F-3.  Fargo,  for  the  period  from  6  a.  m..  August  29,  1939. 
to  6  a.  in.,  August  30.  1939.     Outside  air  temperature  also  shown. 

figure  6.  A  thermocouple  laid  just  at  the  upper  wheat  surface  reached 
a  maximum  temperature  3C  F.  above  the  maximum  air  temperature, 
but  the  temperature  of  the  wheat  only  1  inch  below  the  upper  surface 
did  not  go  above  the  maximum  air  temperature. 

In  an  insulated  bin  the  temperature  changes  near  the  waU  dining 
the  day  would  have  been  le>s  than  in  this  metal  bin.  corresponding 
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more  to  the  changes  noted  here  at  a  greater  distance  from  the  walls. 
The  diurnal  differences  in  wheat  temperatures  near  the  walls  of  the 
two  types  of  bins  might  effect  the  movement  of  moisture  within  a  bin 
although  not  influencing  the  temperature  of  the  wheat  mass  to  a 
great  degree. 

The  relatively  small  fluctuations  during  the  day  of  wheat  tempera- 
ture only  6  inches  from  the  bin  wall,  as  shown  in  the  experiment  with 
bin  F-3,  made  it  unnecessary  to  observe  temperatures  within  the 
wheat  mass  at  intervals  less  than  24  hours.     Even  at  24-hour  intervals 
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Figure  7. — Wheat  temperature  variation,  from  daily  observations  at  1  p.  m., 
at  center  of  bin  and  at  points  6  inches  from  the  north  and  south  walls  for  two 
types  of  bin  construction:  A,  Bin  B-l  (plain  metal);  B,  bin  B-4  (shaded)  both 
filled  at  College  Park  in  1937. 

the  temperature  changes  of  the  wheat  away  from  the  bin  wall  is  com- 
paratively small.  The  changes  in  wheat  temperature,  from  daily 
observations  at  1  p.  m.  during  the  first  2  months  of  storage,  at  the 
bin  center  and  at  points  6  inches  from  the  north  and  south  walls, 
are  shown  in  figure  7  for  two  metal  bins  at  College  Park.  Bin  B-l 
was  the  east  half  of  a  metal  bin,  10  feet  in  diameter,  with  a  capacity 
of  500  bushels,  and  fitted  with  a  regular  commercial  galvanized-metal 
conical  roof.  Bin  B-4  was  the  west  half  of  a  similar  metal  bin,  but 
in  place  of  a  conical-steel   roof,  had   a  canopy  of  corrugated   metal 
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set  over  it  in  such  a  way  that  air  could  blow  across  the  upper  wheat 
surface  and  that  the  top  and  sides  of  the  bin  were  shaded  during  the 
hottest  hours  of  the  day.  Both  bins  were  filled  with  wheat  from  the 
same  lot,  averaging  between  14.6-  and  14.7-percent  moisture  content. 

In  the  center  of  each  bin  the  temperature  change  from  day  to  day 
amounted  to  only  a  few  degrees,  and  the  greatest  temperature  change 
shown  in  the  figure  between  successive  days  was  a  10°  F.  drop  in 
temperature  of  the  wheat  6  inches  from  the  south  wall  of  the  metal 
bin,  B-l,  from  September  17  to  18. 

The  wheat  in  both  bins  remained  in  good  condition  for  the  period 
covered  in  figure  7  which  will  be  referred  to  again  under  a  discussion 
of  the  effect  of  bin  construction  on  wheat  temperature  on  page  20. 

The  temperature  changes  in  stored  wheat  during  the  day.  and  even 
from  day  to  day,  are  small  as  shown  in  figures  6  and  7.  Because  the 
lag  between  the  outdoor  temperature  conditions  and  the  wheat  tem- 
perature increases  with  the  distance  from  the  bin  wall,  no  one  thermo- 
couple wul  give  a  complete  picture  of  the  temperature  conditions 
within  a  bin;  neither  can  an  average  of  the  temperatures  from  a  series 
of  thermocouples  give  a  true  picture.  It  is  felt  that  a  better  com- 
parison of  temperatures  and  their  causes  can  be  made  by  considering 
the  monthly  average  of  temperatures  from  individual  thermocouples. 
In  the  following  pages  the  temperature  data  from  readings  taken  at 
intervals  of  1  day.  1  week,  or  1  month  (depending  on  the  season  of 
the  year)  has  been  averaged  to  give  the  average  monthly  temperature 
at  the  bin  center  and  at  a  distance  of  6  inches  from  the  north  and 
south  walls.  The  temperature  conditions  at  these  three  locations 
will  be  of  more  value  than  the  temperature  at  any  other  three  loca- 
tions in  helping  to  determine  the  change  of  temperature  of  wheat 
stored  in  farm  bins.  Because  the  temperature  variations  were  so 
small  in  the  wheat  mass  during  the  day,  observations  made  at  1  p.  m. 
were  the  only  ones  considered  in  the  data  presented,  unless  otherwise 
stated . 

Temperature  oe  Wheat  in  Different  Geographical  Areas 

The  temperature  of  mature  dry  wheat  during  storage,  and  the 
temperature  of  damp  wheat  before  "heating"  sets  in.  is  directly 
dependent  on  the  weather  conditions,  bin  size  and  construction  being 
the  same.  The  weather  conditions  include  air  temperature,  amount 
of  sunshine,  or  solar  heat,  and  wind  direction  and  velocity.  Of  these 
factors,  air  temperature  apparently  is  more  dominant  in  influencing 
the  temperature  in  a  mass  of  unventilated  grain  then  the  other  factors, 
and  varies  the  most  with  geographical  location.  Figure  8,  based  on 
monthly  average  air  temperatures  from  Weather  Bureau  data  ob- 
tained at  the  four  locations  3  where  storage  investigations  were  carried 
on.  for  the  period  June  1936  to  August  1939,  illustrates  the  varying 
temperature  conditions  in  the  different  areas. 

While  the  winter  temperatures  at  Fargo  run  much  lower  than  at 
any  of  the  other  stations,  the  fact  that  they  also  average  lower  during 
the  initial  storage  period  and  during  the  summer  months  is  more 
important  in  preventing  undesirably  high  temperatures  in  the  bin. 
Taking  July  as  the  initial  month  of  storage  in  Kansas.  Maryland, 

3  The  Fargo  records  are  from  the  Weather  Bureau  Station  at  Moorhead.  Minn.,  directly  across  the  Eed 
River  from  Fargo. 
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and  Illinois,  and  August  as  the  first  month  of  storage  in  North  Dakota, 
we  find  that  the  average  temperature  for  these  months  for  the  4  years 
1936  to  1939  was  83.6°  F.  for  Hays,  77.1°  for  College  Park,  76.3°  for 
Urbana,  and  only  72.2°  for  Fargo.  Furthermore,  the  air  temper- 
ature at  Hays,  Urbana,  and  College  Park  remains  at  a  high  level 
during  August  and  September 
while  in  North  Dakota  the  average 
air  temperature  usually  starts  to 
fall  in  the  latter  part  of  August. 

Another  method  of  comparing 
the  air-temperature  conditions  at 
the  four  stations  is  by  considering 
the  length  of  the  period  in  each 
year  in  which  the  average  temper- 
ature is  above  a  point  which  might 
affect  wheat  temperature  adverse- 
ly by  starting  rapid  respiration  or 
encouraging  the  growth  of  mold  or 
insects.  In  table  1  is  given  the 
number  of  days  in  1937,  1938,  and 
1939  in  which  the  average  air  tem- 
peratures were  above  70°  F.  and 
above  60°.  These  figures  were 
taken  from  the  graph  of  figure  8. 
The  period  above  70°  at  College 
Park  and  Urbana  averaged  about 
2  times  as  long,  and  at  Hays,  Kans.,  about  2%  times  as  long  as  at  Fargo, 
for  the  3-year  period. 
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Figure  8. — Average  monthly  air  tem- 
perature at  Fargo,  Hays,  Urbana,  and 
College  Park,  for  period  June  1936 
to  August  1939.  From  United  States 
Weather  Bureau  data. 


Table   1. — Length  of  period   (in  days)   at  places  where  this  study  was  carried  on 
with  average  air  temperature  above  70°  F.  and  above  60°  1 


Fargo 

Hays 

Urbana 

College  Park 

Year 

Period 

over 

70°  F. 

Period 

over 
60°  F. 

Period 

over 

70°  F. 

Period 

over 
60°  F. 

Period 

over 

70°  F. 

Period 

over 

60°  F. 

Period 

over 

70°  F. 

Period 

over 

60°  F. 

1937 

1938 

1939 

Days 
51 
48 
45 

Days 

108 
105 
126 

Days 
111 
105 
126 

Days 
159 
162 
168 

Days 

84 

84 

108 

Days 
138 
156 
150 

Days 
94 
90 
105 

Days 
144 
152 
157 

Average 

48 

113 

114 

163 

92 

148 

96 

151 

*  Taken  from  figure  8. 


The  temperature  of  grain  stored  in  bins  in  general  follows  the  air 
temperature,  the  difference,  or  lag,  depending  on  the  size  of  bin  or 
the  bin  construction,  and  not  on  the  air  temperature.  At  each 
station  where  investigations  were  carried  on,  the  large  bins  tested  were 
of  the  type  and  capacity  most  generally  used  in  the  area,  and  therefore 
did  not  allow  of  direct  comparisons  of  wheat  temperature  between 
areas  on  the  basis  of  full-size  bins.  However,  a  series  of  small  bins 
were  tested  to  allow  this  sort  of  comparison.  In  table  2  are  given  the 
average  monthly  deviations  from  the  air  temperature  during  the  month 
of  July  of  the  wheat  temperature  at  the  centers  of  a  group  of  small 
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plain  metal  bins,  all  of  the  same  size.  Bin  F-34,  filled  with  wheat  of 
13.9-percent  moisture  content,  was  used  to  represent  wheat  temper- 
ature deviations  from  the  air  temperatures  for  the  hard  red  spring 
wheat  area;  bin  H-25,  filled  with  wheat  containing  12.9  percent  of 
moisture  for  the  Kansas  area ;  bin  U-l  1 ,  filled  with  wheat  containing 
12.8  percent  of  moisture  for  Illinois  conditions;  and  bin  B-18,  with 
wheat  of    11.3   percent   moisture   content,    for   the   Maryland   area. 

The  wheat  moisture  content  in  each 
case  is  low  enough  so  that  wheat 
temperature  fluctuations  due  to 
mold  growth  or  kernel  respiration 
can  be  neglected. 

At  Hays  and  Fargo  two  1,000- 
bushel  round  metal  bins,  14  feet  in 
diameter,    were   filled    with   wheat 

JuJy    Sept.  Nov.  Jon.    Mar.  May    July    Sept.         \ow   enOUgll   hi    moisture    Content    tO 

Figure  9. — Average  monthly  wheat  avoid  heating  (H-8  at  Hays  and 
temperatures  at  centers  of  1,000-  F-l  at  Fargo).  The  temperature 
bushel  bins  at  Hays,  and  Fargo,  and     f  th        j^      t  th  t  f         h 

corresponding    average  monthly   air  ,.  ,  , , 

temperatures  at  those  locations:  bm  and  the  average  air  temperature 

at  the  bin  location  are  shown  in  fig- 
ure 9.  It  is  apparent  that  the  lag  of  the  wheat  temperature  behind 
the  air  temperature  is  about  the  same  regardless  of  the  area. 
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Table  2. — Deviation  of  wheat  temperatures  from  average  air  temperature  in  July 
(in  degrees  Fahrenheit)  at  centers  of  small  plain  metal  bins  at  places  where  this 
study  was  carried  on 


Year 

Fargo 

Hays 

College  Park 

Urbana 

1936_    _ 

°F. 

°F. 

°F. 

3.8 
5.9 
6.8 

op 

1937-               _           

4.8 
8.0 
5.3 

8.7 

1938 

4.8 
5.2 

5.0 

1939     _     _     

5  6 

Average 

5.0 

6.0 

5.5 

6.4 

EFFECT  OF  BIN  SIZE  ON  TEMPERATURE  CHANGES  OF 

DRY  WHEAT 


The  temperature  of  dry  unhealing  grain,  stored  in  bins  of  similar 
construction  in  any  given  locality  is  dependent  on  the  bin  size,  and 
the  location  in  the  bin.  In  figure  10  are  shown  the  bin-center  wheat- 
temperature  relations  among  bins  of  different  sizes  at  Fargo,  Hays, 
and  College  Park.  To  avoid  complicating  the  figure,  the  average 
monthly  wheat  temperatures  during  the  months  with  rising  tempera- 
tures were  used  to  construct  the  charts  on  the  left  side  of  the  figure, 
and  the  temperatures  during  the  months  of  lowering  temperatures 
for  the  charts  on  the  right  side.  Bins  F-34,  radius  of  l1?  feet,  and 
F— 2,  radius  of  7  feet,  were  taken  to  represent  conditions  at  Fargo. 
Although  these  two  bins  were  filled  in  1937,  only  the  1938  and  1939 
temperature  observations  were  averaged  for  the  chart,  thus  giving 
data  for  periods  after  the  wheat  had  come  to  temperature  equilibrium 
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with  the  air.  Three  bins,  H-25,  H-2,  and  H-8,  all  metal  and  with 
radii  of  1%,  5,  and  7  feet,  respectively,  were  used  to  represent  condi- 
tions at  Hays,  and  .  their  center  wheat  temperatures  are  plotted 
in  figure  10,  B. 

As  shown  in  figure  4,  C,  bins  B-29  and  B-30  at  College  Park,  were 
adjacent  to  each  other,  in  the  same  granary.  For  the  purpose  of 
figure  10,  they  were  considered  as  one  bin,  the  center  temperature 
being  the  average  of  the  north  temperature  of  B-29  and  the  south 


5        6        7        0         12        3 

Distance  from  center   1o  wall   (feet) 

Figure   10. — Temperature  of  wheat  at  centers  of  bins  of  various  sizes  in  different 
months:  A,  Fargo;  B,  Hays;  C,  College  Park. 

temperature  of  B-30.  Small  metal  bin,  B-18,  with  radius  of  l){ 
feet,  was  used  to  represent  the  small  bins  in  figure  10,  C.  The  walls 
of  all  bins  selected  for  figure  10  were  of  metal  except  those  of  bins 
B-29  and  B-30,  which  were  of  one-balf-inch  plywood. 

The  graphs  illustrate  the  temperatures  that  can  be  expected  at  the 
center  of  bins  of  various  diameters,  containing  dry  wheat  at  different 
seasons  of  the  year  and  in  different  regions.  The  effect  of  bin  size  is 
particularly  well  illustrated  in  figure  10,  B,  where  bins  of  three  different 
sizes  were  available,  the  points  representing  temperatures  in  the 
three  bins  lying  in  an  almost  straight  line. 
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Dissipation  of  Internal  Heat  in  Unventilated  Bins 

In  addition  to  preventing  heat  of  the  air  or  solar  radiation  from 
raising  the  wheat  temperature  to  a  dangerous  level,  the  ideal  wheat- 
storage  structure  would  provide  for  dissipation  of  any  heat  generated 
within  the  wheat  mass  itself  by  kernel  respiration,  mold  growth,  or 
from  insect  infestation.  Any  factor  which  tends  to  accelerate  the 
rate  of  heat  production  within  a  bin  intensifies  the  problem  of  pre- 
venting excessive  temperature.  The  well-known  phenomenon  of 
" heating"  of  damp  wheat  presents  the  most  common  problem,  for 
unless  the  heat  generated  by  the  heating  process  can  be  dissipated 
promptly,  the  temperature  rises  with  increasing  rapidity.  As  pointed 
out  by  other  investigators  3  the  rate  of  heat  production,  or  respiration 
of  wheat  is  influenced  by  both  its  temperature  and  moisture  content. 
Where  the  temperature  and  moisture  content  of  the  wheat  are  high 
enough  to  cause  "heating"  in  unventilated  masses,  the  size  of  bin 

affects  the  grain  temperature, 
smaller  bins  remaining  cooler 
by  reason  of  the  faster  dissi- 
pation of  heat. 

In  figure  1 1 ,  are  shown  the 

wheat    temperatures    at    the 

center  of  two  metal  bins,  B— 1 

and  B-14,  at  College  Park, 

similar   except   for   size   and 

filled  on  July  11,  1936,  from 

July  August         i^q  same.  lot  of  wheat  having 

Figure   11. — Temperature    at   centers    of   two   16.4  percent  of  moisture.   The 

bins  filled  with  wheat  of  16.4-percent  moisture  temperature  of  the  small  bin, 

content,  showing  temperature  variation   due  Qnl      40    mcheg   in    diameter, 

to  bm  size:   Bin   JB-1,    10  feet  m  diameter;     ■,    J  ,      A 

u;-r,  "R_i/i   An  ,-t^v.oc,  ,\t  riio^o+ov  snows  a  stead. v 


bin  B-14,  40  inches  in  diameter. 


steady  drop  and  no 
indication  of  heating  through 
the  storage  period,  while  the  temperature  of  the  wheat  at  the  center  of 
the  bin  10  feet  in  diameter  began  a  steady  rise  after  4  days  in  storage. 
The  wheat  in  bin  B-l  turned  sour  by  August  7,  1936,  while  that  in 
B-14  did  not  acquire  an  objectionable  odor  at  any  time  while  in  storage. 
Study  of  the  tables  of  average  monthly  wheat  temperature  shows  that 
where  the  moisture  content  is  dangerous  for  storage  in  large  bins,  in 
small  bins  the  cooling  of  the  wheat  may  be  fast  enough  to  prevent  heat- 
ing. Bins  in  which  wheat  is  stored  in  shallow  layers,  as  is  customary  in 
the  more  humid  sections,  dissipate  heat  more  rapidly  than  where  it 
is  stored  to  greater  depths.  Thus,  they  are  somewhat  similar  to  bins 
of  small  diameter. 

Another  example  of  increased  heating  where  the  heat  cannot  be 
dissipated  is  shown  in  figure  12,  where  the  daily  average  temperatures 
at  three  different  points  in  plywood  bin  B-28,  filled  in  1938  with  wheat 
of  14.9  percent  moisture  content  are  plotted.  The  three  locations 
are  on  a  north-south  line  4  feet  above  the  floor  and  4%  feet  from  the 
east  and  west  walls.     The  temperatures  increase  with  distance  from 
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3  Bailey,  C.  H.,  and  Gurjar,  A 
illus.    1918. 

BlRCHARD,    F.    J.      RELATION    BETWEEN    MOISTURE   IN    GRAIN   AND   ITS   TENDENCY   TO    HEAT 

Grain  Res.  Lab.  Rpt.  [1913-18]:  7-21,  illus.     1920. 

Swanson,  C.  0.,  and  Fenton,  F.  C.    the  quality  of  wheat  as  affected  by  farm  storage. 
Agr.  Expt.  Sta.  Tech.  Bull.  33,  70  pp.,  illus.    1933. 
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the  wall.  Since  the  moisture  content  of  the  wheat  was  the  same  at 
all  three  points,  the  temperature  differences  must  be  due  to  differences 
in  the  rates  of  dissipation  which  in  turn  affect  the  amounts  of  heat 
developed. 

An  increase  in  the  temperature  of  stored  grain  over  the  normal 
temperature  range  may  be  an  indication  of  insect  infestation.  Al- 
though all  wheat  bins  in  this  investigation  were  fumigated  at  regular 
intervals  or  as  soon  as  infestation  occurred,  and  no  heating  which 
could  be  entirely  attributed  to  insect  infestation  was  noticed,  numer- 
ous examples  have  been  cited  in  other  publications.4    Insect  inf  esta- 
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Figure  12. — Wheat  temperature  at  distances  of  6  inches,  2  feet,  and  3  feet  9 
inches  from  the  south  wall  of  bin  B-28,  filled  in  1938  at  College  Park,  with 
wheat  of  14.9-percent  moisture  content.  Average  outside  temperature  also 
shown. 

tion  cannot  be  disregarded  when  considering  the  internal  generation 
of  heat  in  a  bin  of  wheat. 


EFFECT  OF  MATERIALS  USED  IN  BIN  CONSTRUCTION 

As  already  explained,  the  flow  of  heat  in  stored  grain  may  be  either 
from  the  outside  toward  the  center  of  the  bin,  when  the  air  temperature 
is  higher  than  the  wheat  temperature  and  the  wheat  is  dry,  or  from 
the  mass  of  the  grain  toward  the  bin  wall,  if  the  grain  temperature  is 
higher  than  the  wall  temperature.  This  latter  condition  can  be  had 
even  in  very  hot  weather  if  the  grain  is  damp  and  heating.  The  bin 
walls  therefore  may  affect  the  grain  temperature  by  influencing  the 
heat  flow  in  either  direction.  An  ideal  bin  wall  in  this  respect  would 
be  one  which  allowed  heat  to  flow  outward  freely  but  prevented  the 
flow  of  heat  from  the  air  or  from  solar  radiation  to  the  wheat. 


4  Back,  E.  A.,  and  Cotton,  R.  T.    control  of  insect  pests  in  stored  grain.    U.  S.  Dept.  Agr.  Farm- 
ers' Bill.  1483:  30  pp.,  illus.     1926. 
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Three  bins  were  filled  in  1937  at  Fargo,  N.  Dak.,  with  14.5  percent 
wheat,  one  with  walls  of  metal  (F-l),  one  with  single-thickness  wood 
walls  (F-10),  and  one  with  double-thickness  wood  walls  (F-12). 
Temperature  records  are  given  in  table  5  for  these  three  bins.  At 
first  glance  it  appeared  that  there  might  be  some  difference  in  the 
wheat  temperature  due  to  the  wall  materials  and  thickness.  The 
average  departure  of  the  wheat  temperature  at  the  bin  center  from 
the  average  monthly  air  temperature  was  17.3°,  13.7°,  and  13.7°  F. 
for  bins  F-l,  F-10,  and  F-12,  respectively.  However,  the  center 
thermocouples  in  the  bins  were  not  all  at  exactly  the  same  distance 
from  the  outside  of  the  wall  (see  description  of  bins  on  page  14), 
being  7  feet  from  the  walls  in  F-l  and  6  feet  from  the  north  and  south 
walls  in  F-10  and  F-12.  As  shown  in  figure  10,  A  the  distance  of  the 
thermocouples  from  the  wall  surfaces  of  the  three  bins  accounts  for 
the  difference  between  17.3°  and  13.7°,  and  the  differences  which 
might  be  attributed  to  the  wall  material  are  not  marked. 

Similarlv,  other  differences  in  temperature  noted  at  the  center  of 
bins  of  different  materials  of  construction  on  close  examination  proved 
to  be  due  to  outside  temperature  conditions,  wheat  moisture  content 
variations,  differences  in  bin  size  or  shape,  or  to  differences  in  types 
of  bins. 

EFFECT   OF   BIN   TYPE   ON   WHEAT   TEMPERATURE 

Wide  variation  in  wheat  temperatures  were  observed  in  bins  of 
different  types,  even  where  the  geographical  location,  bin  size,  and 
wheat-moisture  contents  were  the  same.  These  differences  in  wheat 
temperature  were  usually  associated  with  construction  features  which 
either  modified  the  effect  of  outside  air  temperature  and  solar  radia- 
tion on  the  wheat,  as  in  insulated,  shaded,  and  underground  bins, 
or  permitted  the  more  rapid  dissipation  of  heat,  as  in  ventilated  bins. 

Temperature  variations  may  be  hidden  when  considering  the  aver- 
age yearly  temperatures;  however,  monthly  averages  bring  out  the 
advantages  or  disadvantages  of  the  various  types  of  bin  construction 
as  far  as  wheat  temperature  is  concerned,  and  the  temperature  tables 
in  the  appendix  to  this  circular  offer  many  examples. 

In  figure  13  a  comparison  of  wheat  temperatures  at  the  centers  of 
several  bins  of  different  construction  are  shown.  The  temperatures  in 
bin  F-l,  the  east  half  of  a  nonventilated  1,000-bushel  metal  tank  and 
bin  F-6,  the  west  half  of  a  1,000-bushel  metal  tank  with  perforated 
wall  and  metal  floor  and  ventilated  by  a  pressure  cowl  forcing  air  into 
a  perforated  drum  in  the  center  of  the  wheat  mass,  are  shown  in 
figure  13,  A.  In  figure  13,  B  are  shown  the  wheat  temperatures  at 
the  centers  of  bin  F-12,  of  double  wall  wood  construction,  and  bin 
F— 11,  having  the  same  wall  construction  but  ventilated  by  a  series  of 
horizontal  flues  spaced  about  2  feet  on  centers.  Figure  13,  C shows  the 
temperatures  at  the  centers  of  two  small  20-bushel  bins,  bin  F-34  of 
plain  metal  and  F-35  of  metal  insulated  with  3  inches  of  rock  wool. 
The  average  monthly  air  temperature  is  also  shown. 

All  of  these  bins  were  filled  in  1937,  but  the  temperatures  shown  are 
for  only  the  period  from  July  1938  to  October  1939  and  were  made  up 
from  data  in  tables  5  and  6.  The  lag  of  wheat  temperature  behind 
the  air  temperature  is  less  in  the  ventilated  bins  than  in  the  unventil- 
ated,  the  ventilated  bins  both  cooling  faster  in  the  fall  and  warming 
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Figure  13. — Average  monthly  wheat  temperature  at  the  center  of  typical  Fargo 
bins:  A,  bins  F-l  (plain  metal)  and  F-6  (ventilated  metal);  B,  bins  F-12 
(wood)  and  F-ll  (ventilated  wood);  C,  small  bins  F-34  (metal)  and  F-35  (in- 
sulated) . 
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up  faster  in  the  spring.  Of  the  wheat  in  the  large  bins,  all  except  that 
in  bin  F-ll  (of  ventilated  wood  construction)  was  cooler  than  the  air 
for  o1^  months  and  wanner  for  6K  months.  The  wheat  in  bin  F-ll 
was  cooler  than  the  air  for  almost  exactly  6  months  and  also  warmer 
for  6  months.  The  wheat  in  the  center  of  the  small  bins  was  warmer 
than  the  air  during  most  of  the  year. 

The  variation  of  the  temperature  of  the  wheat  at  the  centers  of  two 
1,000-bushel  metal  bins  at  Hays,  and  the  corresponding  average 
monthly  air  temperatures,  are  shown  in  figure  14.  Bin  H-8,  a  round 
bin  14  feet  in  diameter,  was  filled  in  June  1938  with  wheat  of  the 
1936  crop  averaging  11.3  percent  moisture  content.  Bin  H-5,  the 
same  size  and  shape  as  bin  H-8  but  ventilated  by  a  perforated  floor, 
was  also  filled  in  June  1938  with  new  wheat  averaging  13  percent 
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Figure  14. — Average  monthly  air  temperature,  and  the  wheat  temperature  at 
the  center  of  two  typical  large  Kansas  bins,  covering  the  period  January  1  to 
December  31,  1939:  Bin  H-8,  unventilated:  bin  H-5,  ventilated  by  a  perforated 
floor. 

moisture  content.  The  temperatures  shown  are  for  the  1-year  period 
from  January  1  to  December  31,  1939.  No  evidence  of  "heating" 
was  observed  at  any  time.  The  effect  of  even  slight  ventilation,  as 
is  provided  by  the  perforated  floor  of  bin  H-5,  in  retarding  the  accu- 
mulation of  heat,  is  at  once  apparent. 

The  effect  on  the  wheat  temperature  of  insulating  or  shading  a 
large  storage  structure  is  not  so  apparent  as  that  of  ventilating  the 
same  structure.  However,  under  certain  circumstances  these  struc- 
tural features  may  be  important  in  determining  the  grain  temperature. 
In  figure  7  the  temperature  at  three  points  (bin  center  and  6  inches 
from  the  north  and  south  walls  was  shown  for  two  bins  at  College 
Park,  Md.j  one  of  plain  metal  and  one  shaded.  The  temperature  at 
the  north  wall  in  the  two  bins  were  very  much  the  same,  although 
slightly  lower  in  the  shaded  bin.  The  greatest  difference  was  noted 
on  the  south  sides  of  the  bins,  the  unshaded  bin  having  much  higher 
wheat  temperatures  than  the  shaded  bin.  These  higher  south-wall 
temperatures  affected  wheat  temperature  as  far  in  as  the  center  of  the 
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bin,  the  temperature  at  the  center  of  the  shaded  bin  never  going  above 
80°  F.  while  the  center  of  the  unshaded  bin  did  not  go  below  80° 
until  September  10. 

A  comparison  of  wheat  temperature  at  the  centers  of  20-bushel 
bins  of  three  types — plain  metal,  insulated,  and  shaded — is  shown  in 
figure  15.  The  original  moisture  content  of  wheat  in  the  plain  metal 
bin,  H-26,  was  14.7  percent;  of  that  in  the  insulated  bin,  H-31,  14.8 
percent;  and  of  that  in  the  shaded  bin  H-32,  14.9  percent.  After 
the  first  few  days  of  storage  the  shaded  bin  dropped  in  temperature 
below  the  other  two.  The  plain  metal  bin  maintained  the  highest 
temperature  for  the  first  l)i  months  of  storage,  until  it  was  exceeded 
by  the  temperature  in  the  center  of  the  insulated  bin.  This  is  a  good 
illustration  of  the  effect  of  insulation  during  the  early  storage  period 
in  keeping  the  grain  at  a  low  temperature  by  preventing  the  flow  of 
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Figure  15. — Temperature  of  the  wheat  at  the  center  of  three  small  bins,  one 
plain  metal,  one  insulated,  and  one  shaded,  filled  at  Hays,  in  1937,  The  outside 
air  temperature  is  also  shown. 

heat  into  the  grain,  and  conversely,  later  when  heat  is  being  developed 
by  the  wheat  itself,  in  preventing  the  dissipation  of  this  excess  heat. 

A  similar  result  was  noted  in  the  case  of  two  small  bins,  U— 12,  of 
plain  metal  construction,  and  U-22,  insulated  with  3  inches  of  glass 
wool,  both  filled  at  Urbana,  in  1936  with  wheat  of  about  15.1  percent 
moisture  content.  The  temperature  at  the  centers  of  the  bins  are 
shown  in  figure  16  for  the  first  2  months  of  the  storage  period.  The 
wheat  temperature  in  the  insulated  bin  stayed  below  that  in  the  plain 
metal  bin  for  about  1  month  of  storage  after  which  the  relative  posi- 
tions of  the  temperatures  changed.  In  small  bins  3  inches  of  fill 
insulation  is  much  more  than  is  generally  used. 

Underground  Bins 

Wheat  temperatures  in  the  types  of  bin  construction  previously 
described  tend  to  follow  the  temperature  of  the  air,  although  they  are 
modified  by  such  factors  as  internal  heat  generation  and  bin  charac- 
teristics. By  storing  grain  underground,  where  temperatures  are 
lower  during  the  summer  months  and  where  the  temperature  variations 
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are  mucli  less  than  above  ground,  it  was  thought  that  lower  wheat 
temperatures  could  be  maintained,  with  consequent  lower  rates  of 
deterioration.  At  Hays,  a  series  of  experiments  to  determine  the 
effect  of  underground  storage  on  wheat  quality  were  conducted,  and 
observations  were  made  on  both  the  temperature  of  the  ground  and 
on  the  temperature  of  stored  wheat. 

In  figure  17  are  shown  some  of  the  relations  between  the  tempera- 
tures of  the  outside  air  and  the  ground  temperature  at  Hays,  and  the 
temperatures  reached  by  wheat  stored  in  similar  size  bins  both  above 
and  below  ground.     The  daily  variations  in  the  air  temperatures  are 


0 


00 


0 


90 


$  80 


70 


60 


.-'    r 


r~<\ 


T 
I 

/ 

i  / 

:    I 


vV 


W 


i^A 


n 


\  A  A 


V 


\ 
i 


X 


/ 


Insulated    / 


I         ■  Metal 
-.V\-A/v    N  /•■' 


T        . .  * 


Az! 


L      /x     Y  Outside  - 


July 


1936 


August 


Figure   16. — Temperature  of  wheat  at  centers  of  insulated  and  uninsulated  small 
metal  bins  filled  at  Urbana  in  1936.     Outside  air  temperature  also  shown. 

lost  since  the  curve  is  made  up  from  the  average  monthly  temperatures 
from  Weather  Bureau  records;  the  ground  temperatures  were  obtained 
by  means  of  thermocouples  buried  in  the  soil  at  various  depths.  The 
ground  temperature  curve  for  the  1-foot  depth  follows  the  air  tempera- 
ture quite  closely,  although  its  total  range  is  slightly  less.  The 
temperature  of  the  ground  at  the  10-foot  depth  varied  much  less  but 
actually  the  average  yearly  temperature  of  the  ah  and  of  the  ground 
at  either  depth  was  almost  the  same.  However,  the  lower  under- 
ground temperatures  during  the  summer  months  are  important ;  for 
July  and  August  of  1938  and  1939  the  ground  temperature  at  the 
10-foot  level  averaged  23°  F.  below  the  air  temperature. 

In  figure  \7,  B  are  graphed  the  wheat  temperatures  observed  at  the 
centers  of  bin  H-8,  a  1,000-bushel  metal  bin.  and  of  H-41  and  H-42, 
which  are   1,000-bushel  underground  bins.     It  is  apparent   that   the 
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summer  temperatures  in  the  underground  bins   average  much  less 
than  in  the  aboveground  metal  bins. 

One  of  the  disadvantages  of  underground  storage  is  that  large 
quantities  of  wheat  placed  in  storage  with  a  high  initial  temperature 
cannot  cool  rapidly,  since  transfer  of  heat  through  the  earth  proceeds 
very  slowly  and  the  layers  of  earth  next  to  the  bin  soon  become 
warmed  to  approximately  the  wheat  temperature.  This  can  be 
observed  in  the  curve  of  figure  17,  B,  for  bin  H-41  in  the  fall  of  1938. 
It  took  several  months  for  the  wheat  to  cool  to  the  temperature  of  the 
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Figure  17. — Temperature  observations  made  at  Hays,  over  period  July  1938  to 
December  1939  in  connection  with  underground  storage  investigations:  A, 
Relation  between  average  monthly  air  temperature  and  ground  temperature  at 
points  1  and  10  feet  below  the  surface;  B,  wheat  temperature  at  centers  of  bin 
H-8,  an  aboveground  1,000-bushel  unventilated  bin,  and  H-41  and  H-42, 
underground  1,000-bushel  bins. 

wheat  in  the  aboveground  bins  and  objectionable  odors  developed  in 
February  1939. 

In  an  attempt  to  hasten  cooling  and  prevent  the  development  of 
objectionable  odors,  bin  H-41  was  emptied  in  June  1939  and  remodeled 
to  provide  wind  ventilation.  The  bin  was  lined  with  14-mesh  fly 
screen,  supported  3  inches  away  from  the  walls  on  2-  by  2-inch  studs 
and  1-  by  2-inch  horizontal  nailing  strips.  A  vertical  wooden  flue, 
18  inches  square,  with  the  bottom  6  feet  covered  with  screen  but 
the  top  section  airtight,  was  placed  vertically  in  the  bin  center.  A 
pressure  cowl,  similar  to  that  used  in  several  of  the  ventilated  bins 
already  described  was  placed  on  a  stand  above  the  bin,  and  connected 
to  the  top  of  the  central  18-inch  flue  by  an  8-inch  round  pipe.  The 
path  of  the  air  forced  into  the  cowl  was  down  the  18-inch  flue,  through 
the  wheat  to  the  bin  wall  or  upper  wheat  surface,  and  from  there  out 
through  suitably  protected  openings  in  the  bin  top,  to  the  open  air. 
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This  bin  was  then  filled  with  wheat  from,  the  1939  crop.     As  shown  in 
figure  17 .  B.  initial  cooling  of  the  wheat  was  rapid. 

SUPPLEMENTAL  OBSERVATIONS  OF  TEMPERATURES 

IN  EXPERIMENTAL   BINS 

The  set-up  at  each  station  provides  an  opportunity  for  examining 
the  relations  among  air  temperature,  wheat  temperature,  wheat 
moisture  content,  and  internal  heat  generation  in  20-bushel  bins. 
The  large  full-size  bins  tested  did  not  aUow  an  equally  good  opportunity 
for  comparison  because  they  were  not  all  of  the  same  type,  many  of 
them  being  ventilated  or  otherwise  of  different  construction. 

At  all  stations  wheat  of  several  different  moisture  contents  was 
stored  in  identical  small  bins.  In  North  Dakota  in  1938,  five  20- 
bushel  plain  metal  bins.  F-27,  F-28,  F-36,  F-37,  and  F-39,  were 
filled  with  wheat  varying  in  moisture  content  from  12.8  to  15.1 
percent.     The  daily  average  wheat  temperatures  at  the  bin  center  for 
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Figure  18. — Temperature  of  wheat  at  the  centers  of  three  small  20-bushel  metal 
bins  filled  at  Fargo  in  1938  with  wheat  of  12.8,  14.5,  and  15.1  percent  moisture 
content.      Average  daily  air  temperatures  also  shown. 

three  moisture  contents.  12. S.  14.5.  and  15.1  percent,  and  the  daily 
average  air  temperatures  are  shown  in  figure  18.  While  no  marked 
heating  was  observed,  the  high  moisture  wheats  cooled  more  slowly 
than  the  low  moisture,  and  for  the  period  covered  by  the  figure,  were 
always  above  the  average  air  temperature.  No  doubt  heating  would 
have  occurred  in  large  bins  (see  figure  11)  filled  with  the  wheat  of  15.1 
percent  moisture  content.  Wheat  of  14.5  percent  moisture  averaged, 
from  August  7  to  September  8.  2%°  F.  and  that  of  15.1  percent  mois- 
ture content  6°  higher  in  temperature  than  wheat  containing  12.8  per- 
cent moisture.  Heating  apparently  began  on  August  15  in  the  wheat 
containing  15.1  percent  moisture  but  was  checked  by  the  temperature 
drop  on  August  18.  No  change  in  quality  of  the  wheat  hi  any  of  the 
bins,  as  indicated  by  its  grade,  occurred  during  the  period  covered 
in  the  figure. 

At  Hays  in  1936,  four  small  plain  metal  bins.  H-9.  H-ll.  H-13, 
and  H-15.  were  filled  with  wheat  having  moisture  contents  of  12.  13.5. 
14.6.  and  17.8  percent,  respectively.  The  bins  were  duplicates  of 
those  used  at  Fargo  in  the  tests  just  mentioned.     The  daily  average 
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wheat  temperature  at  the  center  of  each  bin,  and  the  daily  average 
air  temperatures  are  shown  for  the  initial  storage  period  in  figure  19. 

None  of  the  wheat  except  that  in  bin  H-15  (17.8-percent  moisture) 
changed  in  quality  as  indicated  by  the  grade  during  the  period  covered 
in  the  figure.  The  wheat  in  bin  H-15  developed  a  sour  odor  in  July 
1936.     The  other  bins  turned  sour  in  September  of  1936. 

The  temperature  of  the  wheat  in  four  small  20-bushel  plain  metal 
bins  B-14,  B-16,  B-17,  and  B-18,  filled  at  College  Park  in  1936  with 
wheat  ranging  in  moisture  content  from  11.3  to  16.4  percent  did  not 
vary  so  much  as  at  the  other  three  stations.     The  average  daily  air 
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Figure  19. — Temperature  of  wheat  at  the  centers  of  four  small  plain  metal  bins 
filled  at  Hays,  in  1936  with  wheat  of  12.0-,  13.5-,  14. 6-,  and  17.8-percent  moisture 
content.      Average  daily  air  temperatures  also  shown. 

temperature  and  the  average  daily  wheat  temperature  at  the  centers  of 
the  bins  for  the  highest  and  lowest  moisture  contents  (16.4  and  11.3 
percent)  are  shown  in  figure  20.  No  change  in  quality  of  the  wheat 
occurred  until  August  7,  1936,  when  a  sour  odor  developed  in  bin  B-14, 
filled  with  wheat  containing  16.4  percent  of  moisture. 

In  figure  21  are  shown  the  daily  average  wheat  temperatures  at 
the  center  of  five  small  20-bushel  plain  metal  bins  at  Urbana  (U-ll, 
U-12,  U-13,  U-14,  and  U-15)  filled  with  wheat  varying  in  moisture 
content  from  13.3  to  17.5  percent.  For  the  period  covered  in  the 
figure  (July  3  to  July  28)  the  wheat  containing  15.1  percent  of  moisture 
averaged  about  5°  F.,  that  containing  15.6  percent  10°,  that  containing 
16.7  percent  15°,  and  that  containing  17.5  percent  15%°  higher  in 
temperature  than  the  wheat  containing  13.3  percent  of  moisture. 
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Figure  20. — Temperature  of  wheat  at  the  centers  of  two  small  metal  bins  (B-14 
and  B-18)  filled  at  College  Park,  in  1936  with  wheat  of  11.3-  and  16.4-percent 
moisture  content.     Average  daily  air  temperatures  also  shown. 
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Figure  21. — Temperature  of  wheat  at  the  centers  of  five  small  plain  metal  bins 
filled  at  Urbana,  in  1936  with  wheat  of  13. 3-,  15.1-,  15. 6-,  16.7-,  and  17.5-percent 
moisture  content.      Average  daily  air  temperature  also  shown. 
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15.2% 


A  study  of  figures  18  to  21  shows  that  in  each  location  the  wheat 
of  higher  moisture  content  attained  the  higher  bin  temperatures. 
However,  it  should  be  noted  that  the  temperatures  developed  in  wheat 
of  the  same  moisture  content  were  not  the  same  at  the  different  loca- 
tions. At  Fargo  and  College  Park,  wheat  of  15.1-  and  16.4-percent 
moisture  content,  respectively,  dropped  in  temperature.  At  Hays 
and  Urbana,  wheat  of  about  the  same  moisture  content  went  through  a 
high-temperature  period  immediately  after  being  placed  in  storage, 
heating  about  as  might  be  expected  in  large  bins.  The  difference  in 
heating  appeared  to  be  due  to  the  effect  of  temperature  and  moisture 
content  of  wheat  on  its  respiration  rate.  At  Fargo  and  College  Park 
the  air  temperatures  were  relatively  low  and  since  heat  escaped  rapidly 
from  the  small  bins  the 
wheat  never  reached  a 
temperature  over  95°  F., 
at  which  point,  as  stated 
by  other  investigators 
cited  in  footnote  3,  page 
16,  the  rate  of  heat 
generation  in  wheat  of 
about  15  percent  mois- 
ture content  starts  to 
increase  very  rapidly . 
High  air  temperatures  at 
Hays  and  Urbana  per- 
mitted wheat  tempera- 
tures over  95°  F.,  after 
which  the  self-accelerat- 
ing process  of  respiration 
caused   the   temperature 
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apparent.  Figure  22. — Temperature  of  wheat  at  several  points, 

The  effect  of  low  tem-      all  the  same  distance  from  the  walls  of  bin  F-3, 
peratlires      in      retarding       filled  at    Fargo  in    1938    with    wheat    of    uneven 
the  generation  of  heat  in       f,01'stu^,    content.      Temperatures    at    points    of 
,  t  ■!,      ,      ,     ,       14. 5-,    14. 8-,    and    15.2-percent    wheat    moisture 

damp  wheat  is  illustrated      content  shown, 
by  tests  of  similar  small 

bins  at  Fargo,  in  1937,  when  the  bins  were  filled  at  a  later  date 
and  the  outside  temperatures  were  even  lower.  Four  small  plain 
metal  bins,  F-28,  F-30,  F-32,  and  F-34,  were  filled  with  wheat  of 
15. 4-,  14. 9-,  14. 5-,  and  13.8-percent  moisture  content  respectively. 
The  wheat  temperature  at  the  centers  of  all  four  bins  reached  the 
same  level  in  a  few  days  and  thereafter  reduced  in  temperature 
at  the  same  rate.  The  various  wheat  moisture  contents  produced 
no  noticeable  differences  in  the  observed  wheat  temperatures,  which, 
as  shown  in  table  6,  averaged  less  than  70°  F.,  after  only  a  few 
days  in  storage.  There  was  no  indication  of  heating  at  any  time  in 
these  four  bins  during  the  following  summer  of  1938,  although,  of 
course,  the  moisture  contents  had  lowered  somewhat. 

The  tests  at  Fargo  may  be  compared  with  those  at  Hays,  since  hard 
wheats  were  stored  at  both  locations.  At  College  Park  and  Urbana, 
soft  wheats  were  used. 
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As  is  discussed  on  pages  16  and  24.  the  conditions  in  the  20-bushel 
bins  do  not  indicate  the  limits  of  temperature  which  may  be  expected 
in  full-size  bins.  Very  complete  data  on  the  relation  of  moisture 
content  to  deterioration  was  obtained  in  a  number  of  large  bins  but 
this  data  does  not  lend  itself  to  a  study  of  temperatures  as  well  as  that 
for  the  small  bins.  There  are,  however,  one  or  two  examples  from 
which  information  regarding  the  effect  of  internal  generation  of  heat 
on  wheat  temperatures  hi  large  bins  was  obtained.  In  figure  22  is 
shown  the  temperature  observed  at  three  points  in  a  large  metal  bin 
i bin  F— 3)  filled  at  Fargo,  in  1938  with  combined  wheat  very  uneven 
in  moisture  content.  The  three  points  were  each  about  4  feet  from 
the  bin  walls.  The  average  wheat  moisture  content  for  the  bin  was 
14.4  percent,  but  that  at  the  three  points  selected  for  figure  22  was 
14..5.  14.8,  and  15.2  percent.  The  wheat  in  the  higher  moisture- 
content  spots  heated,  making  it  necessary  to  empty  the  bin  to  cool  the 
wheat  and  prevent  spoilage.  This  illustrates  that  high-moisture  spots 
m  a  large  bin  may  cause  overheating  in  spite  of  a  relatively  low  average 
moisture  content  for  the  bin  as  a  whole. 

Two  large  metal  bins.  F— 2  and  F-4,  filled  at  Fargo  in  1937  with 
wheat  of  14.2-  and  15.0-percent  moisture  content,  respectively,  did 
not  result  in  differences  in  the  observed  wheat  temperatures  which 
could  be  attributed  to  variations  in  internal  heat  production.  In  this 
test,  as  in  the  case  of  the  20-bushel  bins,  the  air  temperatures  were  so 
low  that  the  heat  production  did  not  become  a  large  factor  in- 
fluencing the  wheat  temperature.  The  wheat  in  the  bin  containing 
15  percent  of  moisture  was  sold  in  March  1938.  before  hot  weather 
arrived . 

SUMMARY  AND  CONCLUSIONS 

In  connection  with  an  investigation  of  wheat  storage  on  the  farm 
conducted  during  the  period  1936  to  1940.  wheat  was  stored  in  bins  of 
various  types  of  construction  and  ranging  in  size  from  20  to  1 .000 
bushels  capacity.  The  bins  were  located  at  the  state  agricultural 
experiment  stations  at  Fargo,  N.  Dak..  Hays,  Kans.,  College  Park. 
Md.j  and  Urbana.  111.  In  view  of  the  general  belief  that  low  tempera- 
tures retard  while  high  temperatures  accelerate  the  deterioration  of 
stored  wheat,  detailed  observations  of  air  and  grain  temperature  and 
of  certain  wheat  characteristics  were  made  in  all  bins. 

Atmospheric  conditions  and  bin  size  and  type  were  found  to  be  the 
most  important  factors  influencing  the  temperature  of  dry  wheat. 

Air  temperatures  vary  greatly  among  the  different  wheat-growing 
regions,  especially  during  the  first  months  of  storage.  Considering 
July  as  the  initial  month  of  storage  in  Kansas.  Maryland,  and  Illinois, 
and  August  as  the  first  month  of  storage  in  North  Dakota,  during  the 
4  years  1936  to  1939.  inclusive,  the  average  monthly  air  temperature 
during  the  first  month  of  storage  at  Hays,  was  83.6°  F.;  at  College 
Park.  77. 1  ° :  at  Urbana.  76.3° ;  and  at  Fargo  only  72.2°.  Furthermore, 
the  period  having  air  temperatures  above  70°  at  Hays  was  2)i  times 
as  long  as  at  Fargo,  and  at  College  Park  and  Urbana  averaged  about 
twice  as  long  as  at  Fargo. 

The  size  or  volume  of  unventilated  bins  of  similar  construction 
in  the  same  locality  will  determine  the  lag  of  the  temperature  of  dry 
wheat  behind  the  air  temperature.     In  bins  of  1.000-bushel  capacity 
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and  14  feet  in  diameter  the  wheat  temperature  at  the  center  of  the 
bin  may  lag  from  1  to  2  months  behind  the  air  temperature.  The 
size  of  bin  also  affects  the  temperature  of  damp  wheat,  the  smaller 
bins  allowing  faster  escape  of  heat  generated  by  respiration  of  the 
wheat  or  by  mold  growth.  The  effective  size  of  a  bin  may  be  de- 
creased, thus  allowing  faster  cooling,  by  decreasing  the  depth  of  the 
stored  wheat. 

Because  of  the  large  thermal  capacity  of  wheat  it  is  important  that 
the  temperature  at  which  it  is  placed  in  storage,  especially  in  large 
bins,  be  as  low  as  possible. 

Fluctuation  of  the  temperature  of  stored  wheat  during  the  day 
decreases  as  the  distance  from  the  bin  wall  increases.  Even  in  a 
metal  bin  the  daily  fluctuation  is  very  slight  at  a  distance  1  foot 
from  the  wall,  and  at  the  short  distance  of  6  inches  from  the  south 
wall  amounts  to  only  about  5°  F.  for  each  20°  change  in  bin  wall 
temperature. 

Wide  variation  in  wheat  temperatures  were  observed  in  bins  of 
different  types,  even  where  the  geographical  location,  bin  size,  and 
moisture  contents  of  the  wheat  were  the  same.  These  differences  in 
wheat  temperature  were  associated  with  construction  features  which 
either  modified  the  effect  of  outside  air  temperatures  and  solar  radia- 
tion on  the  wheat,  as  in  plain  metal  insulated,  shaded,  and  under- 
ground bins,  or  permitted  the  more  rapid  dissipation  of  heat,  as  in 
ventilated  bins. 

Shaded  bins  proved  to  be  the  most  effective  type  of  storage  where 
the  problem  is  to  prevent  outside  heat  from  raising  the  wheat  temper- 
ature. The  shaded  bins  used  in  the  study  were  somewhat  comparable 
to  barn  storage  in  the  Eastern  States. 

Bin  ventilation  is  the  most  effective  method  of  dissipating  heat 
generated  in  the  wheat  mass.  Where  ventilation  is  impractical, 
decreasing  the  size  of  the  storage  structure  or  decreasing  the  depth 
of  the  wheat,  will  increase  the  rate  of  heat  dissipation.  As  with  dry 
wheat,  shading  a  bin  may  help  to  prevent  the  temperature  of  moist 
wheat  from  reaching  dangerous  levels. 

Insulation  of  a  storage  structure  may  be  an  advantage  in  preventing 
dry  wheat  from  reaching  high  temperatures,  but  if  the  temperatures 
finally  reached  are  such  as  to  start  excessive  internal  production  of 
heat,  insulation  is  a  decided  disadvantage  in  that  it  will  slow  down  the 
dissipation  of  the  excess  heat. 

Storage  in  underground  bins  is  advantageous  in  maintaining  a  low 
temperature  in  wheat  placed  in  the  bin  at  a  low  initial  temperature 
or  where  the  wheat  moisture  content  is  low  enough  to  make  the  genera- 
tion of  large  amounts  of  heat  improbable.  By  ventilating  the  under- 
ground storage  during  the  initial  storage  period,  wheat  of  high  initial 
temperature  or  moisture  content  may  be  put  in  condition  to  take 
advantage  of  the  lower  ground  temperatures. 

As  discussed  in  the  tests  on  20-bushel  bins  in  cases  where  the  wheat 
temperature  reached  95°  F.  or  slightly  above,  the  effect  of  moisture 
on  wheat  temperature  was  very  marked.  High-moisture  spots  in  a 
large  bin  constitute  a  danger  of  overheating  in  spite  of  relatively 
low  average  moisture  content  for  the  bin  as  a  whole. 
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APPENDIX 

Tabular  Data 

Tables  3  to  32  inclusive  contain  information  on  bin  type,  quantity 
stored,  and  wheat  characteristics  and  the  data  on  wheat  temperatures 
in  the  various  bins  during:  the  investigation. 
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Table  16.- — Average  monthly  wheat  temperatures  6  inches  from  north  and  south  walls 
and  at  center  of  small  bins  filled  at  Hays  in  1938. 


Month 

Average 
monthly 
air  tem- 
peratures 

Wheat 
temper- 
ature 
read- 
ings 

(H-26  (metal) 

H 

-29  (metal) 

North 

South 

Center 

North 

South 

Center 

1988 

o  p 

Number 

o  p 

o   p 

o  p 

O    J? 

o   jp 

o  p 

July 

82.0 

30 

87 

87 

92 

86 

84 

August  -  _ . 

83.7 

10 

86 

86 

85 

86 

76 

September 

L939 

72.1 

1 

80 

79 

75 

79 

81 

January 

37.0 

4 

50 

50 

53 

51 

51 

February 

28.7 

1 

34 

32 

45 

36 

38 

March 

43.2 

2 

37 

36 

40 

37 

36 

A  pril 

53.  7 

5 

53 

51 

72 



56 

51 

Mav 

68.6 

3 

71 

72 

81 

73 

70 

June . 

75.4 

3 

76 

76 

91 

73 

74 

79 

July 

84.7 

30 

87 

87 

104 

91 

92 

August..  .. 

78.0 

18 

80 

79 

92 

81 

84 

September 

75.2 

11 

75 

76 

79 

76 

77 

October 

59.  7 
43.0 
37.2 

4 
5 
4 

53 
42 

45 

52 
42 
43 

63 
42 
51 

49 

54 
41 

48 

56 

November 

42 

December.. 

53 

1940 

January.. . 

3 

11 

7 

9 

15 

10 

14 

Table  17. — Average  monthly  ivheat  temperature  6  inches  from  north  and  south  walls 
and  at  center  of  large  bins  filled  at  Hays  in  1939 


Month 


June 

July 

August 
September 
October.. . 
November 
December 


1939 


1940 


January. 


Average 
monthly 
air  tem- 
peratures 


F. 

75.4 
84.7 
78.0 
75.2 
59.7 
43.0 
37.2 


Wheat 
temper- 
ature 
read- 
ings 


Number 
3 

30 

18 

11 

4 

5 

4 


H-44  (ventilated) 


North 


F. 

80 
83 
80 
78 
58 
43 
43 


12 


South 


81 
84 
85 
82 
67 
52 
49 


21 


Center 


F. 


85 
83 
83 
80 
59 
49 
45 


26 


H-41  (underground) 


North 


F. 

71 
67 
65 
66 
61 
51 
52 


37 


South 


F. 
72 
67 
65 
67 
61 
52 
51 


42 


Center 


F. 


82 
79 
75 
76 
60 
46 
47 


19 
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Table  24. — Average  monthly  wheat  temperatures  6  inches  from  north  and  south 
walls  and  at  bin  center  of  large  bins  filled  at  Urbana  in  1938 


Average  monthly 
air  temperature 

03 

Num- 
ber 
28 
16 
9 
2 
3 
1 

1 
2 
3 
4 
4 
4 
2 
1 

1 

U-4  (wood)  1 

U-2  (ventilated) 

U-3  (ventilated) 

U-5  (venti- 
lated) 1 

Month 

xj 

0 

x] 

0 

1-1 

O 

O 

X5 

O 

m 

u 

a 

x; 

u 

0 

X} 

"3 
0 

m 

u 

O 

Xj 

i- 

0 

XJ 

+^ 
3 
O 
m 

O 

1938 
July                

°F. 
76.0 
75.7 
68.6 
59.9 
43.8 
31.3 

30.2 

42.0 
47.7 
65.4 
73.0 
75.4 
72.6 
56.8 

14.2 

°F. 
80 
86 
96 

°F. 
79 

79 
74 

83 
85 
90 

74 

76 
71 
57 
43 
30 

(4) 
40 
44 
59 
71 
76 
76 
60 

(4) 

°F. 
77 
77 
72 
60 
46 
33 

(4) 
39 
47 
63 
71 
77 
76 
63 

(4) 

°F. 

77 
78 
75 
65 
49 
37 

(4) 
36 
45 
59 
73 
77 
75 
60 

(4) 

°F. 

77 
77 
74 
80 
79 
43 

(4) 
38 
44 
58 
71 
80 
5  83 
64 

(4) 

°F. 
78 
78 
73 
61 
49 
40 

(4) 
40 
44 
63 

72 
77 
80 
67 

(4) 

0^ 

3  78 
77 
73 
66 
66 
44 

(4) 
34 
43 
54 
70 
77 
82 
68 

(4) 

OJf.§ 

76 
76 

72 

°F. 

77 
77 
74 

0^. 

75 

August    .     .  

80 

September    .. 

90 

October 

November            

December.     . 

1939 
February..        .-    - 

March         



----- 

April             

May ...  -. 





----- 

June. .. 

July 

August.  . 





October. 

1940 
January  _ .      .     ... 



1  Bin  emptied  Sept.  30,  1938. 

-  Observations  on  2  thermocouples,  each  6  inches  from  wall,  at  different  elevations,  were  averaged  for  the 
north  and  south  wall  temperatures. 

3  The  average  center  temperatures  are  the  average  from  2  thermocouples,  one  located  each  side  of  the 
vertical  flue. 

1  Below  32°  F. 

5  The  wheat  was  moved  for  cooling  and  mixing  on  Aug.  3,  1939.  The  temperatures  in  the  table  are  from 
an  observation  made  on  Aug.  1.  1939.  Further  observations,  after  mixing,  on  Aug.  5  and  31  gave  average 
temperatures  of  78°,  79°,  and  79°  for  the  north  wall,  south  wall,  and  bin  center,  respectively. 
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Table  32. — Average   monthly   wheat   temperature   6   inches  from   north    and 
walls  and  at  center  of  large  bins  filled  in  1938  at  College  Park 


south 


Month 

o  <s 

a  ss 

©2- 

>   U 

<r3 

o  Co 

+-   »- 

B-27 
(wood) 

B-28 

(wood) ! 

B-29 
(wood) 

B-30 
(wood) 

u 
C 

3 
o 

CO 

© 

s 
as 

O 

u 

o 

x: 

3 
c 

CO 

a 
© 
Q 

M 

o 
53 

£1 

3 
o 
co 

© 

3 

© 

,3 

s- 

c 

+3 

3 
O 
CO 

In 

© 

c 
© 
O 

1938 
July 

°F. 
77.2 
76.4 
66.9 
56.2 
48.8 
37.4 

35.9 
40.9 
46.4 
52.4 
65.4 
74.0 
74.6 
77.8 
69.6 
56.8 
43.4 
38.3 

23.0 
35.4 

Num- 
ber 
18 
19 
8 
5 
3 
4 

4 
2 
4 

17 
16 
4 
4 
2 
3 
1 
2 
1 

1 
1 
1 

°F. 
88 
83 
71 
58 
56 
41 

36 
38 
43 
52 
63 
75 
78 
81 
77 
59 
43 
41 

28 
28 
35 

°F 
97 
96 
83 
65 
58 
42 

37 
39 
44 
52 

64 

76 

82 

85' 

87 

69 

58 

47 

40 
29 
31 

°F 
97 
90 
81 
69 
61 
49 

39 
36 
39 
46 

57 
69 
77 
81 
87 
70 
59 
47 

42 
30 
31 

°F. 

97 

101 

92 

°F 
88 
91 
96 

°F. 

99 

105 

99 

88 
87 
82 
71 
64 
53 

43 
38 
39 
44 
50 
65 
78 
81 
83 
73 
61 
50 

43 
32 
31 

°F. 
87 
86 
76 
65 
62 
44 

41 
43 
48 
54 
64 
76 
81 
84 
82 
66 
48 
45 

31 
33 
37 

°F. 
91 
90 
82 
71 
64 
52 

42 
38 
41 
46 
53 
68 
80 
82 
83 
72 
61 
50 

43 
31 
32 

°F. 
83 
82 
71 
58 
56 
41 

35 
38 
44 
51 
63 
75 
78 
81 
76 
59 
43 
42 

28 
28 
36 

°F. 
83 
86 
81 
71 
64 
53 

44 
39 
39 

44 
54 
64 
77 
80 
83 
72 
62 
50 

43 
31 
31 

°F. 

86 

August .. 

September. 

October 

84 
80 
69 

November 

62 

December 

51 

1939 

January.  _     _ 
February  . 

41 

37 

March.. 

39 

April     _  . 
May  . 

45 

55 

June.. 

65 

July 

76 

August 

79 

September.  _. 

82 

October. 

69 

November.. 

58 

December.. 

48 

1940 
January  .  ._ 

42 

February.. 

31 

March  .   .  . 

31 

i  Bin  emptied  Sept.  1,  1938. 
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